Umbrella sampling simulations of model systems.
(which can be adenine, cytosine, guanine or thymine), S3, S and S5 represent centers of mass of atoms at the 3'-end, middle and 5'-end deoxyribose rings, and P5, and P3 are the centers of mass of phosphate groups at the 3' and 5'-end of model systems. X denotes the point lying on the x-axis of the moment of inertia tensor of a rigid body, placed at the distance 1Å from the center of mass.
For virtual bonds, several angstroms around the B-DNA equilibrium values of that degree of freedom were sampled, virtual-bond angles were sampled up to several tens of degrees around the B-DNA equilibrium, values and the virtualbond dihedral angles were sampled over the whole 360 degrees. For virtual bonds and virtual-bond angles, each window was sampled for 550 ps of which the first 50 ps were used for equilibration, and the data were collected for the last 500ps. Virtual bonds were sampled every 0.2Å and the virtual-bond angles every 10 degrees. Virtual dihedral angles were found to converge more slowly; so they were sampled every 5 degrees, for 1.05 ns per window of which the first 50 ps were used for equilibration and the remaining 1 ns for collecting data. In addition, to improve the quality of sampling, virtual-dihedral-angle sampling was done in a serial way, i.e. the last frame of one window was used as the input for the next window. In all simulations, data were collected every 0.5 ps for a total of 1000 data per window for each virtual bond and virtual-bond angle and 2000 data per window for each virtual-bond dihedral angle. All simulations were done by using either the pmemd or sander module of the AMBER 11 software package 4 and the ff99bsc0 5 force field. a For assignment of names of dipolar beads see Figure 1 of the main text.
8 Table A -V: Off-diagonal elements of and σ matrices for dipolar beads taken from ref. 6 . Tables I and II of the main text, respectively. A list of fitted parameters for virtual-bond dihedral angles of backbone is given in Table III of the main text. 
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